Simulation environments make it possible for science and engineering students to learn to interact with complex systems. Putting these capabilities to effective use for learning and assessing learning requires more than a simulation environment alone. It requires a conceptual framework for the knowledge, skills, and ways of thinking that are meant to be developed, in order to design activities that target these capabilities. The challenges of using simulation environments effectively are especially daunting in dispersed social systems. This article describes how these challenges were addressed in the context of the Cisco Networking Academy program (CNAP) with a simulation tool for computer networks called Packet Tracer. The focus is on a conceptual support framework for instructors in over 8000 institutions around the world for using Packet Tracer in instruction and assessment, by learning to create problem-solving scenarios that are at once tuned to the local needs of their students and consistent with the epistemic frame of "thinking like a network engineer." We describe a layered framework of tools and interfaces above the simulation per se that supports the use of Packet Tracer in the distributed community of instructors.
INTRODUCTION
The Cisco Networking Academy program collaborates with over 8,000 schools in 165 countries, providing free on-line curricular and assessment materials to help teach students and instructors basic and advanced computer networking skills. To accomplish our goals we provide a toolbox of aides to the instructors and students including on-line interactive curricula, on-line assessments for chapter, mid-term and course final level feedback with an integrated on-line grade book for instructors and students, a human network of cooperating educational institutions that train instructors in partnering institutions, discounted equipment to provide hands-on instruction and assessment, global support desk and other features.
While widely adopted and receiving high customer satisfaction ratings, we recognize that these tools are primarily electronic analogs of pre-digital educational tools.
The on-line curriculum is much like an animated book with fixed chapter and section structure. The on-line assessments are largely multiple-choice with immediate automated scoring, although there are some sophisticated network simulation tasks as well.
In addition to communication of information and feedback, we want to provide the learners and instructors with tools that enable these agents to perform their own explanation, exploration and experimentation. We want to enable them to go beyond what we can do as curriculum and assessment designers to provide their own scaffolding and experience.
To accomplish this we have developed computer software that provides complex simulation and visualization of core features of computer networking along with Simulation-Based Environment for a Community of Instructors Page 3 authoring features for students and instructors. This tool, called Packet Tracer, covers a broad range of representational affordances over physical and logical network topologies, myriad networking protocols and multiple layers of visualization and interactivity.
In this paper we describe our work with Packet Tracer as a user extensible and configurable micro-world that promotes instructional enablement and local customization by building off of cognitive sensitivity to the domain, and promoting design patterns in both the creation of scenarios and the development of authoring tools that promote patterned based thinking. This is accomplished in four sections. First, we provide a brief background into the instructional context driving the creation of the tool and key features of the software. Second, we discuss core design features of the software environment and its application in the field. Third, we discuss some of the cognitive underpinnings of this approach and their instantiation in design patterns to structure the dialog, communication, and instantiation of strategies. The fourth section concludes with a brief summary.
INSTRUCTIONAL CONTEXT
The work discussed in this paper occurs in the context of the Cisco Networking 
CORE FEATURES OF THE SOFTWARE ENVIRONMENT
Over the last 10 years, instructors in the Networking Academy program have come to rely on a 4-way combination of using on-line curriculum, on-line assessments and grade book, hands-on equipment and activities as well as supplemental in class activities. While these instructional supports are generally highly regarded (as indicated by adoption rates and student satisfaction data), they failed to completely address a number of difficulties that perturb such a global program. First, while academies are required to have a hands-on component including the presence of networking equipment in the classroom, the required minimum amount of equipment is designed to give students experience with the equipment, but can not necessarily provide the desired amount of practice if the class is large or if only the minimum amount of equipment is available. Second, even when sufficient amounts of equipment are present to provided the desired amount of hands-on practice, the networks will typically not be of the desired complexity and the available networks of desired complexity are typically (and wisely) off-limits to students because of the possibility of damage or disruption to so-called production networks. The distinction is made between "production" networks (such as for delivery of courses to a classroom or library) and experimental networks on which networking students are free to manipulate equipment. Third, even if complex networks could be made available broadly, there are numerous aspects of the network that consist This includes a number of virtual PCs, servers, routers, switches, hubs, IP phones, wireless devices and related devices, connected through various types of virtual cables, that students need repeated practice with in numerous configurations.
Level 2: Graphical User Interface and Interaction Layer
No matter how sophisticated or impressive the simulation level is, it remains an engineering novelty until it is linked to an easily interpretable and navigable user By clicking on the event list entry, additional detail regarding the packet involved can be examined. An example is presented in Figure 7 . This is an important representation insofar as it presents information, from "inside the packet," that is typically more difficult to obtain from an active network of real equipment while at the and analyzed from the perspectives of activity theory and computer supported collaborative learning (CSCL) (Frezzo, 2007) .
In summary, Packet Tracer provides a broad range of representations and information that support practice in the activities of network design, configuration and troubleshooting, as well as providing otherwise unavailable illustrative and explanatory data about the inner workings of the complex system. The combination of these two major aspects of the tool provides the groundwork for both directed and undirected learning advances. 
DESIGN PATTERNS IN THE TOOL FEATURES AND USE
The tools described above constitute authoring tools for networking microworlds. An author can create a network and set tasks for others to complete. These tasks can be Simulation-Based Environment for a Community of Instructors Page 17 challenging and motivating in a manner that elicits the motivation of a test or a game (Behrens, Frezzo, Mislevy, Kroopnik & Wise, 2007) . Alternately, students can set about on undirected exploration to find valuable realization or commonplace confusion. Given these broad range of possibilities an the bewildering array of academic, employment and pedagogical backgrounds instructors have around the world, we are faced with the challenge of promoting flexibility and customization, while at the same time providing tools for structuring understanding, communication, re-use. To accomplish this, we use the concept of patterns at multiple levels in tools use and tool features.
Level 3: Authoring Features and application
The first set of scaffolding we provide is in the form of pre-made networking activities that follow one of four possible patterns: concept builders, skill builders, design challenges and troubleshooting scenarios. Concept builders are activities that focus on illustrating a particular concept and may function either as a demonstration, or require more active problem solving and impasse resolution. Skill builders focus on practice of procedural skills, typically in a more isolated rather than integrated setting. Design challenges are open ended tasks with multiple possible approaches and no single "answer" necessarily. Troubleshooting scenarios also open ended tasks that require understanding a design, identifying faults and generating and testing hypotheses.
Recently Packet Tracer was integrated directly into the courses, and more elaborated activities, based on design patterns, were used. These patterns included three general types: embedded activities (meant for formative assessment within a chapter, which include concept building demonstrations, design, configuration, and troubleshooting), lab analogs (which follow hands-on labs, meant to give pre-and postSimulation-Based Environment for a Community of Instructors Page 18 practice before and/or after a student uses real equipment), and skills integration challenges (cumulative across chapters and courses, integrating elements of design, configuration, and troubleshooting).
The patterns associated with these activity types serve multiple purposes. First, it helps the development team communicate about the different types of goals appropriate in this domain and open the conversation about the essential elements of each pattern.
This supports both intra-team communication as well as management of goal types insofar as it allows us to ask which types are appropriate for which objectives. Second, this nomenclature fosters a dialog with the instructor community because we use this language in our own instructional materials (e.g. built-in help) and include files of each type for most parts of the curriculum. We have found this type of organizational function to be extremely valuable in that it moves the global community toward a common language which can improve communication.
While the activity patterns used at this stage are designed, in part, to promote common conceptualization, the tool itself allows for great individualization. Among other features, Packet Tracer allows authoring of stories, notes, graphics, web pages, and information windows and menus in local languages including double-byte and right to left Semitic languages.
Level 4: Assessment Authoring
Because we believe in a comprehensive notion of instruction that integrates curriculum and assessment, it was a natural evolution of our work to build in assessment authoring features into Packet Tracer. The general strategy for this is the specification of (1) tree, that serves as the presentational features of the assessment as described in the ECD literature (Mislevy , Steinberg & Almond, 2003) , and an (2) "answer network" with "grading tree" that serves as the evidence identification rules over the range of observables to be considered in task level scoring. Specification of these elements is accomplished by created a specific network, and then refining a corresponding detailed tree that allows the author to indicate which features are to be considered and which features are deemed irrelevant to the construct under examination. Possible features for comparison are automatically generated by an "Activity Wizard" that converts the logical topology into a list of relevant possibilities. Figure 8 is a screen shot of an answer network illustrating nodes that are logical possibilities (they appear at all) and those that are elements for comparison with the work product (they have check marks). This affordance is a significant step in the enablement of instructors to construct skills-based automatically scored assessments. The highly structured format of the interface helps instructors consider the structure of their assessments and what elements are most salient to the evidence they are trying to collect. Accordingly, not only does the interface have to function in a manner that supports these views, but additional training and support is likely needed.
Using these tools, patterns of assessment activity can easily be created. For example, a troubleshooting activity often consists of a well-designed network that has one or more bugs introduced into it. This can easily be handled by creating a working network, save it, and then retrieve it and save with a bug imbedded. By change the location or type of fault across multiple files, one can create numerous isomorphs or variants with relatively small amount of work.
Level 5: Assessment authoring with dynamic variables
The example given above of creating isomorphic items presupposes a template or design pattern for the task and an identification of which elements should vary and which should not. After that, we have described a manual process for introducing variation. To elements of the networks could likewise be manipulated so that each student had a different network in a possibly undetectable manner. And answer networks will not have to look for identical matches of device features (e.g. match to one single network address), but could generalize the rule to variables that match the relevant features, for example router names or IP addresses.
Again, we consider this underlying structure and its distribution to instructors a major improvement and value to the instructor community. We hope that by providing these structures, instructors will be put in a place to question their instructional an assessment practice and follow and create design patterns that can be managed through such templates. Given the global and network base of the community, we hope to see such templates and patterns shared around the globe.
SUMMARY
Packet Tracer is a complex tool that works at several levels. This paper described how those different levels build one upon the other to allow the individual authoring of networking micro-worlds for instructional and assessment uses. By using a unified architecture, authoring, and variable management, we can promote pattern-based authoring and re-use to gain efficiency and improve communication about the patterns that drive educational structure in our domain.
